During Integrated Ocean Drilling Program Expedition 339, the shipboard micropaleontological studies of Site U1387 core catcher samples revealed the preservation of diatoms and radiolarians in specific depths from early Pleistocene age (900-1000 ka). To evaluate the ecological significance of those diatoms, we analyzed 98 samples from the intervals of 244 to 274 m along the corrected splice, corresponding to marine isotope Stage (MIS) 25 to MIS 29, for the abundance of diatoms and silicoflagellates. In 6 samples, the composition of the diatom assemblage was determined as well. Although most samples were barren of siliceous microfossils, the downcore record revealed two intervals, 249-252 corrected meters composite depth (cmcd) and 263-265 cmcd, where diatoms and silicoflagellates reach their maximum values. These maxima occurred from the MIS 26/25 transition to interglacial MIS 25, and again during early MIS 27. The diatom assemblage includes 27 identified taxa with Chaetoceros (Hyalochaete) resting spores being dominant and Thalassionema nitzschioides and Paralia sulcata significant. The Chaetoceros spores clearly indicate strong influence of seasonal upwelling and associated high primary productivity. Special to the diatom record is, however, the occurrence of the large-diameter (>125 µm) centric diatoms Coscinodiscus asteromphalus, Coscinodiscus apiculatus, and Coscinodiscus cf. gigas that imply incursions of low-nutrient, open-ocean water into the southern Portuguese coast during MIS 25.
Introduction
Diatoms are unicellular algae that segregate into opaline silica frustules with two valves and constitute one of the major players in the basis of the trophic chain. Planktonic and benthic forms exist in both freshwater and marine environments and reflect the environmental conditions in such settings, making these organisms excellent indicators for past environments. In the modern ocean, diatoms are abundant in sediments underlying temperate continental shelves, where nutrient and photic conditions in the upper mixed oceanic layer are seasonally favorable for them to quickly divide and dominate the phytoplankton communities (the "spring bloom") and in upwelling regions where nutrient input can be seasonal or perennial (coastal, equatorial, and high-latitude regions) . Contrary to the small r-strategic species that domiData report: diatom and silicoflagellate records of marine isotope Stages 25-27 at IODP Site U1387, Faro Drift nate in those regions, in the open ocean, where conditions are typically oligotrophic, diatoms tend to be larger and in some cases capable of actively regulating their buoyancy to counter sinking rates (Dugdale and Wilkerson, 1998) . However, openocean diatoms might also become very abundant through concentration along frontal regions or thermal wave instabilities (Yoder et al., 1994) , which are recorded in the sediments as diatom mats (Kemp, 1995; Smetacek, 2000; Kemp et al., 2006) . Voelker et al., 2015) , and surface waters of subtropical origin are transported by the eastern branch of the Azores Current (far offshore) and the eastbound Gulf of Cadiz Slope Current (GCC), an open-ocean current located along the southern Iberian margin (Peliz et al., 2009) (Fig. F1) . During the upwelling season (May-September), the filament formed off Cape São Vicente frequently extends eastward along the southern shelf break and slope of Portugal (Relvas and Barton, 2002) , potentially influencing Site U1387. In addition, a local upwelling plume can form off Cape Santa Maria (Fig. F1 ) under westerly winds (Criado-Aldeanueva et al., 2006; Navarro and Ruiz, 2006) .
Methods and materials
Diatom and other siliceous microfossil abundance was analyzed on 98 samples of Cores 339-U1387B-24X through 26X and 339-U1387A-25X and 26X (Table T1) following the corrected composite depth of the new splice for the early to Middle Pleistocene section at Site U1387 (Voelker et al., unpubl. data) .
For diatom quantification, sediments were cleaned and mounted according to the method described by Abrantes et al. (2005) . Diatom counting (centric, pennate, freshwater, benthic, Chaetoceros resting spores, and fragments) was undertaken according to the unit definitions by Schrader and Gersonde (1978) at 1000× magnification using a Nikon microscope with differential interference contrast illumination.
Quantitative abundance estimation is based on the median value obtained from counts of 100 random fields of view on 3 replicate slides for each sample. With this counting method, and knowing the area of the microscope field of view (FOV), the absolute number of diatom valves per gram of sediment can be calculated as
where N = median number in 100 FOV and 3 replicate slides, S = area of the evaporation tray, s = area of slide covered for counting, V = total solution, v = solution volume extracted to dry, and W = weight of the treated, dried raw sample.
Absolute diatom numbers are presented as number of valves per gram of sediment and silicoflagellates as number of specimens per gram of sediment. Analysis of replicate slides reduce the analytical error on the estimate of absolute abundances to 10% of measured values.
Assemblage composition was determined for 8 samples selected on the basis of total diatom abundance (Fig. F2C) . Percent abundance is calculated from the identification of 300 specimens, but in cases where total diatom abundance fell below 10 6 valves/g, the number of specimens counted was reduced to 100 (Fatela and Taborda, 2002) .
Diatom identification followed the descriptions of Hustedt (1964) , Hasle (1977) , Carmelo (1996) , and Round et al. (2007) , and a list of the 27 identified taxa is presented in Table T2 . The dominant taxa were considered independently as well as grouped according to their ecological preferences (e.g., benthic, freshwater, marine). Within the marine grouping we also split the pelagic forms into cold-and warm-water groups (Hustedt, 1964; Hasle, 1977; Carmelo, 1996) . Groups that comprise <2% of the total diatom assemblage were discarded from further analyses.
As pointed out by Voelker et al. (2015) , the shipboard splice of Site U1387 is incomplete within the middle to early Pleistocene section. The higher resolution X-ray fluorescence (XRF) and foraminiferal shell stable isotope records were therefore used to revise the splice resulting in a corrected meters composite depth (cmcd) scale. The current study encompasses samples from 244 to 274 cmcd (~236-260 mcd) and the splice corrections within this interval include 1. Appending the top of Section 339-U1387A-25X-1 to the bottom of Section 339-U1387B-24X-CC; 2. Incorporating 2.94 m into the splice for a transition from Section 339-U1387B-25X-6, 125 cm, to 339-U1387A-26X-1, 5 cm; and 3. Adding 0.96 m at the subsequent splice transition for a shift from Section 339-U1387A-26X-4, 113 cm, to 339-U1387B-26X-1, 78 cm.
Samples of Core 339-U1387B-24X themselves already inherited additional 8.53 m to their mcd values (from splice corrections above).
The stratigraphy of the studied interval is based on the  18 O record of the planktonic foraminifer Globigerina bulloides (Fig. F2A) .
Results

Diatom and silicoflagellate abundances
The total abundance of diatoms and silicoflagellates is presented in Figure F2 . Although most of the studied interval is barren of both siliceous microfossils, they co-occur with abundances that are on the same order of magnitude (10 6 ) as encountered in surface (approximately modern) sediments of the Portuguese margin (Abrantes, 1988) in two specific intervals, 249-252 and 263-265 cmcd (e.g., from the MIS 26/MIS 25 transition to the middle of the interglacial period of MIS 25 and, again during early MIS 27 (middle of MIS 27c) ( Fig. F2 ).
High diatom abundance in the sediments is a good indicator of increased primary production in the surface waters. However, given that several environmental conditions can lead to increased production, it is important to evaluate the assemblage's composition. Figure F3 shows the contribution of the different species/groups to the total assemblage in 6 of the 8 samples containing a sufficient number (95) of diatoms. Resting spores of the genus Chaetoceros dominate the assemblage (45%-65%) at all levels, although their highest abundance occurs at 252.00 cmcd, which according to the isotopic stratigraphy corresponds with MIS 26/25 transition. Other significant contributors to the assemblage are Thalassionema nitzschioides and Paralia sulcata, with T. nitzschioides being important at the interglacial MIS 25 maximum and P. sulcata at the early MIS 27 maximum. Large (>125 µm) Coscinodiscus, mainly Coscinodiscus asteromphalus (Fig. F4A) and few Coscinodiscus apiculatus and Coscinodiscus cf. gigas (Fig. F4B) , were observed at two levels (249.68 and 249.91 cmcd) during the MIS 25 interglacial period and in the shipboard core catcher sample of Core 339-U1387B-24X. Although abundant at both levels, higher numbers were observed at 249.91 cmcd in Sample 339-U1387B-24X-5, 124.5-126.5 cm, in which specimens >63 µm but <125 µm were also common but were mostly pyritized.
In respect to ecologic groups, the cold-water pelagic forms never contribute >4% and the warm-water pelagic forms have higher contribution during early MIS 27 (Fig. F3A) . The low abundance of benthic forms (<2%) is an important indication that the downcore diatom signal is likely to be a record of local oceanographic conditions rather than the result of downslope transport from shallower depths (<200 m) caused either by bottom currents or sedimentological processes, although the identified forms are relatively resistant to dissolution (Fig. F3B) .
All three important components of the diatom assemblage (Chaetoceros resting spore, T. nitzschioides, and P. sulcata) are common in the shelf and upper slope sediments of coastal upwelling regions. On the Portuguese coast, species of the Chaetoceros genus are mostly important during the seasonal upwelling period, and the highest abundance of their resting spores in the sediments mark the inner upwelling front (Abrantes, 1988; Abrantes and Moita, 1999; Moita, 2001) . T. nitzschioides is a species commonly found in and around productive coastal upwelling regions in particular off Peru (de Mendiola, 1981) and in the Atlantic and equatorial Pacific (Hasle, 1959) . On the Portuguese margin, it is present in the water column throughout the year and is homogeneously distributed in the Portuguese shelf sediments. P. sulcata is rare in the water column where it appears in near-coast upwelling centers but is common in the shelf sediments.
Notable to this record is the presence of Coscinodiscus asteromphalus, a large-diameter species (Fig. F4A) associated with stratified low-nutrient water not common in the water column nor in recent or late quaternary sediments of the Portuguese and northwest African margins (Abrantes, 1991a (Abrantes, , 1991b Nave et al., 2003; Romero et al., 2008) . However, in the Gulf of California, C. asteromphalus forms large blooms during the fall that sink when the thermocline breaks down (Round, 1968; Kemp, 1995; Kemp et al., 2006) . The species has also been described in Peru sediments where Chaetoceros spores are less abundant (Schuette and Schrader, 1981; Fleury 2015 Figure F3 . A. Diatom dominant species and ecological groups distribution within the 6 samples containing diatoms. In two samples, the number of diatom specimens encountered in 3 slides was <95; therefore, their assemblage composition is not considered. B. Contribution of resistant and weakly silicified diatoms. 
